Introduction
============

Cancer of the uterine cervix is the second most common malignancy in women worldwide \[[@b1-crt-2016-034]\]. Although it is accepted that early-stage cervical cancer is curable with radical surgery, radiotherapy, or chemoradiation, the prognosis in patients with bulky tumors or adenocarcinoma histology is relatively poor \[[@b2-crt-2016-034],[@b3-crt-2016-034]\]. Moreover, although chemotherapy for advanced-stage or recurrent cervical cancer has been applied, it is not effective and has merely a palliative purpose because of chemoresistance \[[@b4-crt-2016-034]\]. Therefore, a new therapeutic strategy for these patients to overcome chemoresistance in such patients is urgently needed.

One of major mechanisms of chemoresistance is increased acidification of the tumor microenvironment. Proton pumps such as vacuolar type H^+^-ATPase (V-ATPase) are major regulators of cellular pH \[[@b5-crt-2016-034]\]. V-ATPases pump protons across the plasma membrane and across the membranes of a wide array of intracellular compartments \[[@b5-crt-2016-034]\]. Some human tumor cells, particularly those selected for multidrug resistance, exhibit enhanced V-ATPase activity \[[@b6-crt-2016-034]\]. Therefore, treatment with proton pump inhibitor (PPI; esomeprazole), which directly inhibits V-ATPase at the cellular level \[[@b7-crt-2016-034],[@b8-crt-2016-034]\], may be an option for reversing multidrug resistance. Here, we investigated whether PPI increased the sensitivity of tumor cells to cytotoxic agents via inhibition of V-ATPase in cervical cancer.

Materials and Methods
=====================

1. Tumor samples
----------------

This study was reviewed and approved by the Institutional Review Board at Samsung Medical Center, Seoul, Republic of Korea. A total of 351 patients with cervical cancer who underwent type I-III radical hysterectomy with or without pelvic/paraaortic lymph node dissection at Samsung Medical Center between February 2002 and May 2009 were included in this study. Patient inclusion criteria were (1) availability of tissue samples for tissue microarray construction and (2) early-stage cervical cancer that were candidates for surgery because pathological findings provide the most accurate information about tumor volume, depth of tumor invasion, and lymph node metastasis. Cervical cancer patients with the pathology of sarcoma, malignant melanoma, or neuroendocrine carcinoma, including small cell carcinoma, were excluded. After surgery, patients received adjuvant treatment according to their pathological findings. Patients then underwent follow-up examinations approximately every three months for the first 2 years, every 6 months for the next 3 years, and every year thereafter. Disease-free survival was defined as the period between initial treatment and relapse. Overall survival was measured from the time of initiation of therapy to the time of death or the date of final contact. Data for patients who had not experienced relapse or death were censored as of the date of the final observation.

2. Immunohistochemical analysis
-------------------------------

All hematoxylin and eosin--stained slides were reviewed and representative tumor tissue samples were selected. The corresponding formalin-fixed paraffin-embedded tissue blocks were retrieved and the selected area was circled on the slide with a marker pen for tissue microarray construction. Each 6.0-mm tissue core was selected from the representative region of each paraffin block using the AccuMax (IsuAbxis, Seoul, Korea) as described previously \[[@b9-crt-2016-034]\]. For immunohistochemical studies, tissue microarray blocks were sectioned into 4-μm-thick slices. The primary antibody used was rabbit polyclonal V-ATPase subunit C1 antibody (Santa Cruz Biotechnology, Santa Cruz, CA). Tissue sections were deparaffinized three times in xylene for a total of 15 minutes and subsequently rehydrated. Immunostaining for V-ATPase was performed using a Bond-max automated immunostainer (Leica Biosystems, Melbourne, Australia) and the Bond Polymer Refine Detection Kit (Vision Biosystems, Melbourne, Australia). Briefly, antigen retrieval was conducted at 97°C for 20 minutes in ER1 buffer. After blocking the endogenous peroxidase activity with 3% hydrogen peroxidase for 10 minutes, primary antibody incubation was conducted for 15 minutes at room temperature at an antibody dilution of 1:200. Negative controls (substitution of primary antibody for Tris-buffered saline \[TBS\]) were run simultaneously. The immunostaining was evaluated independently by two pathologists who were blinded to patient outcome. A previously described scoring method \[[@b10-crt-2016-034],[@b11-crt-2016-034]\] was used for the evaluation of V-ATPase expression. A case was considered positive when more than 1% of the epithelial cells in 10 random, high-power fields were positively stained.

3. Cell lines
-------------

Human cervical cancer cell lines (HeLa, SiHa, ME180, MS751, and CaSki) were obtained from the American Type Culture Collection (Manassas, VA). The INT407 cell line was obtained from the European Collection of Cell Culture (Salisbury, UK). The HeLa cell line was cultured in Dulbecco\'s modified Eagle\'s medium (Gibco BRL, Rockville, MD), the INT407, SiHa, ME180, and MS751 cell lines were cultured in MEM (Gibco BRL); and the CaSki cell line was cultured in RPMI (Gibco BRL). All media were supplemented with 10% fetal bovine serum (FBS; Sigma-Aldrich, St. Louis, MO) and 0.1% penicillin-streptomycin (Sigma-Aldrich). All cells were grown at 37°C in a humidified 5% CO2 atmosphere.

4. Western blot analysis
------------------------

For analysis of V-ATPase expression, cells were lysed in PRO-PRE Protein Extraction Solution (Intron Biotechnology, Seongnam, Korea). Protein concentration was determined using a BCA protein kit (Thermo Scientific, Rockford, IL). Cell lysates (50 μg of total protein) were separated in 12% acrylamide gels by sodium dodecyl sulfate--polyacrylamide gel electrophoresis and then transferred to Immobilon PVDF membrane filter paper (Millipore, Billerica, MA). Membranes were blocked with 5% skim milk in TBS containing 0.1% Tween-20 for 1 hour at room temperature. Protein bands were probed with V-ATPase subunit C1 antibody at a 1:1,000 dilution (Santa Cruz Biotechnology), tubulin and glyceraldehyde 3-phosphate dehydrogenase antibody at a 1:3,000 dilution (Epitomics, Burlingame, CA), and then labeled with horseradish peroxidase-conjugated anti-rabbit antibody (GE Healthcare, Piscataway, NJ) and anti-goat antibody (Santa Cruz Biotechnology). Bands were visualized by enhanced chemiluminescence using an ECL kit (Amersham Biosciences, Buckinghamshire, UK) according to the manufacturer's protocol.

5. Small interfering RNA transfection and drug treatment
--------------------------------------------------------

V-ATPase V1C1 small interfering RNA (siRNA) and negative control siRNA were obtained from Santa Cruz Biotechnology. Cells were seeded at 5×10^3^ cells/well in a 96-well microplate in RPMI 1640 with 10% FBS. All siRNAs were transfected into the cells using Lipofectamine 2000 (Invitrogen, San Diego, CA) according to the manufacturer's protocol. After 24 hours of siRNA transfection, cells were treated with various concentrations of paclitaxel (Sigma-Aldrich) and then incubated at 37°C for 48 hours. Esomeprazole (AstraZeneca, Mol̈ndal, Sweden) was resuspended in normal saline at a concentration of 5 mg/mL. Cells were seeded at 3×10^3^ cells/well in a 96-well microplate in RPMI 1640 with 10% FBS. Cells were pretreated or not with esomeprazole (20-30 mg/mL) based on the protocols in previous reports \[[@b12-crt-2016-034],[@b13-crt-2016-034]\]. After 24 hours of treatment, cells were treated with various concentrations of paclitaxel and incubated at 37°C for 48 hours.

6. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay
----------------------------------------------------------------------

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay is based on the conversion of MTT to insoluble MTT-formazan by cleavage of the tetrazolium ring by mitochondrial dehydrogenase enzymes of living cells. MTT solution (Amresco, Solon, OH) was subsequently added to each well. After 4 hours of additional incubation, the medium was discarded, 100 μL of acidic isopropanol (0.1 N HCl in absolute isopropanol) was added, and the plate was shaken gently. The absorbance at a wavelength of 540 nm was recorded by using a Falcon microplate reader (Becton Dickinson Labware, Franklin Lakes, NJ) and the percentage viability was calculated as follows: (optical density \[OD\] of drug-treated sample/control OD)×100. Additionally, the mean percent viability was calculated from cytotoxicity experiments at different paclitaxel concentrations that showed a significant difference from the control (p \< 0.05). Each sample was assayed in triplicate, and the experiment was repeated three times.

7. Enzyme-linked immunosorbent assay
------------------------------------

For analysis of active caspase-3 expression, cells were lysed in PRO-PRE Protein Extraction Solution (Intron Biotechnology). The protein concentration was determined using a BCA protein kit (Thermo Scientific). Enzyme-linked immunosorbent assay (ELISA) kits were used according to the manufacturer\'s instructions to measure concentrations of active caspase-3 (Invitrogen). All samples were measured in triplicate.

8. Measurement of intracellular pH change
-----------------------------------------

The change in intracellular pH was measured as previously described \[[@b14-crt-2016-034]\]. Briefly, cells grown as a monolayer on a 35 mm confocal dish (\#200350, SPL Lifescience, Pocheon, Korea) were loaded with 1 μg/mL BCECF-AM (2′,7′‑bis‑(2‑carboxyethyl)‑5‑(and‑6)‑carboxyfluorescein; Invitrogen) solution. The distribution of fluorescence was determined using a confocal microscope (LSM700, Zeiss, Jena, Germany) with excitation and emission wavelengths set to 488 nm and 525 nm, respectively \[[@b15-crt-2016-034]\]. The intensity of the fluorescence signal was measured using a VICTOR2 plate reader (Perkin-Elmer, Boston, MA), and the values were corrected to cell numbers by MTT assay \[[@b16-crt-2016-034]\]. Each sample was assayed in triplicate, and the experiment was repeated three times.

9. Statistical analysis
-----------------------

After using the Shapiro-Wilk test to confirm that the data were normally distributed, the Wilcoxon rank sum test was used to compare the median values, and the two-sample t test was used to compare the mean values. The chi-square test or Fisher exact test was used to compare the frequency distributions between categorical variables. Disease-free survival and overall survival curves were evaluated with the Kaplan-Meier method and compared using the log-rank test. The Cox proportional hazards model was used to calculate the hazard ratio and the 95% confidential interval (CI). The SPSS software ver. 17.0 (SPSS Inc., Chicago, IL) was used for all statistical analyses. All p-values were two-sided and were considered statistically significant at p \< 0.05.

Results
=======

1. Immunohistochemistry and its clinical significance
-----------------------------------------------------

We assessed V-ATPase expression using immunohistochemistry in tissue microarrays composed of 351 human cervical cancer tissues. V-ATPase was predominantly expressed in the cell membrane and cytoplasm, and representative results of immunohistochemical staining for V-ATPase are shown in [Fig. 1A](#f1-crt-2016-034){ref-type="fig"}. Immunohistochemical analysis demonstrated that V-ATPase was expressed in 60.1% of cervical cancer tissue samples (211/351), and the expression rate of V-ATPase in cervical adenocarcinomas was 73.4% ([Fig. 1B](#f1-crt-2016-034){ref-type="fig"}), which is significantly higher than that of squamous cell cervical cancer (57.1%, p=0.016). During the median follow-up period of 65.5 months, a total of 351 patients included in this study had a disease-free survival of 84.4% and overall survival of 95.0%. When the disease-free survival of all 351 patients was analyzed based on the V-ATPase expression ([S1 Table](#SD1-crt-2016-034){ref-type="supplementary-material"}), V-ATPase was not correlated with disease-free survival. However, when the analysis was confined to 89 patients with bulky cervical tumor (defined as tumor diameter \> 4 cm), patients with V-ATPase expression had shorter disease-free survival (p=0.005) and overall survival (p=0.023) than those without V-ATPase expression ([Fig. 1C](#f1-crt-2016-034){ref-type="fig"}, [S2 Table](#SD2-crt-2016-034){ref-type="supplementary-material"}). Moreover, when confined to 55 patients with bulky V-ATPase positive tumors, patients with adenocarcinoma had shorter disease-free survival than those with squamous cell carcinoma (p=0.005) ([Fig. 1D](#f1-crt-2016-034){ref-type="fig"}).

2. V-ATP V1C1 siRNA transfection significantly enhanced cytotoxicity of paclitaxel in cervical cancer cells
-----------------------------------------------------------------------------------------------------------

We measured the basal expression of V-ATPase in various cervical cancer cell lines of HeLa, SiHa, MS751, INT407, and CaSki using Western blot. V-ATPase protein was expressed in most cervical cancer cell lines, with the exception of ME180 cells ([Fig. 2A](#f2-crt-2016-034){ref-type="fig"}). Subsequently, *in vitro* experiments were performed to assess whether blocking V-ATPase by specific siRNA transfection enhanced the sensitivity to chemotherapy in cervical cancer cell lines. Based on our immunohistochemical results of V-ATPase expression, we used HeLa and INT407 cells, which were originally derived from cervical adenocarcinoma, for subsequent analyses. After HeLa and INT407 cells were transfected with V-ATPase siRNA or control siRNA, the expression of V-ATPase was determined by western blot analysis. V-ATPase expression was decreased at 48 hours after V-ATPase siRNA transfection in comparison to that in the controls ([Fig. 2B](#f2-crt-2016-034){ref-type="fig"}), suggesting that V-ATPase expression was effectively down-regulated by the V-ATPase siRNA. We then assessed the effects of V-ATPase siRNA transfection on cell survival after treatment with cytotoxic drugs. As shown in [Fig. 2C](#f2-crt-2016-034){ref-type="fig"}, pretreatment with V-ATPase siRNA significantly enhanced the cytotoxicity of paclitaxel in HeLa and INT407 cells compared with paclitaxel treatment alone. However, V-ATPase siRNA transfection did not enhance the cytotoxicity of cisplatin in HeLa cells or the cytotoxicity of paclitaxel in SiHa cells originating from squamous cervical cancer ([S3 Fig.](#SD3-crt-2016-034){ref-type="supplementary-material"}). To assess cellular apoptosis, active caspase-3 was measured using ELISA in HeLa and INT407 cells following treatment with paclitaxel with or without V-ATPase siRNA pretreatment. The results showed that V-ATPase siRNA transfection significantly enhanced the apoptotic activity of chemotherapy in HeLa and INT407 cells ([Fig. 3](#f3-crt-2016-034){ref-type="fig"}).

3. Esomeprazole pretreatment significantly increased the cytotoxicity of paclitaxel in cervical cancer cells
------------------------------------------------------------------------------------------------------------

Subsequently, *in vitro* studies using esomeprazole were repeated to assess whether esomeprazole pretreatment, such as blocking V-ATPase by specific siRNA transfection, enhanced cytotoxicity and apoptosis. The results showed that esomeprazole pretreatment significantly enhanced the cytotoxicity of paclitaxel in HeLa and INT407 cells compared with paclitaxel treatment alone ([Fig. 4A](#f4-crt-2016-034){ref-type="fig"}). Interestingly, the effects of esomeprazole pretreatment in HeLa (37%) and INT407 (47%) cell lines derived from adenocarcinoma were more remarkable than those in SiHa (11%) and MS751 (18%) derived from non-adenocarcinomas such as squamous cell carcinoma ([S4 Fig.](#SD4-crt-2016-034){ref-type="supplementary-material"}). The effects of esomeprazole pretreatment (20 μg/mL concentration) on apoptosis also significantly increased the expression of active caspase-3 in HeLa and INT407 cells when compared with paclitaxel treatment alone ([Fig. 4B](#f4-crt-2016-034){ref-type="fig"} and [C](#f4-crt-2016-034){ref-type="fig"}).

4. Measurement of intracellular pH change
-----------------------------------------

To verify that esomeprazole treatment induces cytosolic acidification through inhibition of V-ATPase activity, we measured the changes in intracellular pH following esomeprazole treatment based on the intensity and distribution of BCECF using a confocal microscope (LSM700). We used HeLa cells that showed high expression of V-ATPase and were originally derived from cervical adenocarcinoma based on the results of earlier cell survival and apoptosis studies. Live-cell imaging of the BCECF distribution within the cells revealed that immunofluorescence staining after esomeprazole treatment was weak compared with that of no treatment, suggesting that esomeprazole treatment induced a decrease in intracellular pH ([Fig. 5A](#f5-crt-2016-034){ref-type="fig"}). As shown in [Fig. 5B](#f5-crt-2016-034){ref-type="fig"}, the fluorescence intensity ratio showed that intracellular pH decreased significantly after esomeprazole treatment in HeLa and INT407 cells treated with esomeprazole for 3 hours (both, p \< 0.01).

Discussion
==========

In this study, we found that the V-ATPase expression in cervical cancer was significantly increased in patients with adenocarcinoma histology and was correlated with poor disease-free survival and overall survival in patients with bulky cervical tumor. Moreover, the inhibition of V-ATPase via PPI (esomeprazole) or its specific siRNA enhanced the cytotoxicity of paclitaxel in cervical cancer cells. To the best of our knowledge, this is the first study of V-ATPase in cervical cancer.

Bulky cervical tumors in early cervical cancer are known as prognostic factors for survival after surgery, and patients with bulky cervical tumors often receive additional adjuvant therapy or neoadjuvant chemotherapy \[[@b17-crt-2016-034]\]. In the present study, we also found that patients with bulky cervical tumors had a 1.21 hazard ratio for recurrence (95% CI, 1.06 to 1.37) (S1 Table), and V-ATPase expression was correlated with poor prognosis in patients with bulky cervical tumor. Bulky solid tumors contain poorly perfused dense tumor tissue \[[@b18-crt-2016-034],[@b19-crt-2016-034]\], such as hypoxic tumors, in which protons and lactic acid are inefficiently removed from the extracellular space, creating an acidic extracellular microenvironment \[[@b20-crt-2016-034]\]. Therefore, proton pumps including V-ATPase are overexpressed to compensate for alkalization of the cytoplasm in the acidic microenvironment of the bulky hypoxic tumor \[[@b21-crt-2016-034],[@b22-crt-2016-034]\]. However, when the activity of V-ATPase is inhibited using esomeprazole or its specific siRNA, the acidic pH of the tumor microenvironment is dramatically neutralized, which induces chemosensitization, inhibition of tumor proliferation, and apoptosis \[[@b22-crt-2016-034]\].

The results of the immunohistochemical analysis showed that the expression of V-ATPase in cervical adenocarcinomas was significantly higher than that of squamous cell cervical cancer (73.4% vs. 57.1%, p=0.016). This finding is consistent with those observed for non-small cell lung cancer \[[@b11-crt-2016-034]\]. The expression rate of V-ATPase was 83.7% in lung adenocarcinoma, which was significantly higher than that of squamous cell lung cancer (71.4%, p \< 0.001) \[[@b11-crt-2016-034]\]. In clinical practice, cervical adenocarcinoma is commonly more resistant to chemotherapy drugs than squamous cell cervical cancer \[[@b2-crt-2016-034],[@b3-crt-2016-034]\]. Furthermore, our *in vitro* study assessing the effects of esomeprazole pretreatment on cell survival after treatment with cytotoxic drugs demonstrated that the effects of esomeprazole pretreatment (37%-47%) in HeLa and INT407 cells derived from adenocarcinoma were more remarkable than those (11%-18%) in SiHa and MS751 cells derived from non-adenocarcinomas such as squamous cell carcinoma (S4 Fig.). Together, these findings indicate that V-ATPase expression is potentially related to drug resistance in cervical adenocarcinoma.

PPIs such as esomeprazole and omeprazole, which are used clinically to suppress gastric acidity in peptic disease, are activated by acidic conditions. These inhibitors tend to decrease intracellular pH and increase extracellular pH via inhibition of V-ATPases through a covalent interaction \[[@b23-crt-2016-034]\]. PPIs have been shown to have anti-proliferative and proapoptotic effects on certain cancer cell lines, including B-cell leukemia, hepatoblastoma, melanoma, stomach cancer, sarcoma, and pancreatic cancer \[[@b24-crt-2016-034]-[@b27-crt-2016-034]\]. In the present study, while esomeprazole itself did not directly affect cell viability, it functioned as a chemosensitizer in cervical cancer cells. It remains unclear whether these findings are tumor specific or depend on tumor aggressiveness itself, regardless of tumor histology \[[@b28-crt-2016-034],[@b29-crt-2016-034]\]. However, it is clear that modification of tumor acidity by blocking V-ATPase is a promising strategy for enhancing the sensitivity of the current cytotoxic treatments in cervical cancer.

Although the inhibition of V-ATPase via siRNA or PPI did not enhance the chemosensitivity of cisplatin in the present study, the results of a study performed by De Milito et al. \[[@b30-crt-2016-034]\] evaluating the effects of PPI pretreatment on human melanoma and osteosarcoma growth and cisplatin sensitivity in xenografted SCID/SCID mice differed. Specifically, they evaluated the effects of PPI pretreatment on human melanoma and osteosarcoma growth and cisplatin sensitivity in xenografted SCID/SCID mice and found this treatment sensitized tumor cell lines to the effects of cisplatin, resulting in decreases in the IC50 value by up to two-fold. Based on these findings, they concluded that oral pretreatment with PPI was able to induce/increase sensitivity of human solid tumors to cisplatin.

A search of clinical trial registries on April 8, 2015 yielded two phase II trials of PPI as a chemosensitizer in cancer patients undergoing chemotherapy registered at ClinicalTrials.gov. One was a completed trial on metastatic breast cancer (NCT01069081) that had not yet been published and another was an ongoing trial on castration-resistant prostate cancer (NCT01748500). Accordingly, further clinical trials investigating PPI in cervical cancer are needed.

It should be noted that this study had several limitations. Specifically, we did not validate the results of our study based on analysis of other PPIs such as omeprazole, lansoprazole, pantoprazole, or rabeprazole. We also did not perform an *in vivo* study to assess the potential clinical relevance of the *in vitro* results. However, positive aspects of this study include use of a large number of cancer tissue samples (n=351) with a long median follow-up period (65 months).

Conclusion
==========

In conclusion, V-ATPase expression in cervical cancer was predominantly found in adenocarcinoma and was correlated with poor prognosis, especially in patients with bulky cervical tumor. Moreover, inhibition of the V-ATPase via PPI (esomeprazole) and its specific siRNA enhanced the sensitivity of chemotherapeutic agents in cervical cancer cell lines. These data suggest that a PPI may be useful as a chemosensitizer in treatment of patients with cervical cancer.
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###### S1 Table.

Cox regression analysis of disease-free survival in cervical cancer (n=351)

###### S2 Table.

Cox regression analysis of disease-free survival in bulky cervical cancer (n=89)

###### S3 Fig.

\(A\) Effects of vacuolar-type H+ ATPase (V-ATPase) siRNA transfection on cell viability with cisplatin in HeLa cells. (B) Effects of V-ATPase siRNA transfection on cell viability with paclitaxel in SiHa cells.

###### S4 Fig.

Effects of esomeprazole (ESOM) pretreatment on cell viability and apoptosis with paclitaxel in SiHa and MS751 cells. ESOM pretreatment significantly enhanced the cytotoxicity of paclitaxel in SiHa (11%, p \< 0.01) and MS751 cells (18%, p \< 0.01) when compared with paclitaxel pretreatment. ^\*^p \< 0.05.

![Vacuolar-type H^+^ ATPase (V-ATPase) was predominantly expressed in cervical adenocarcinoma, which was associated with poor prognosis. (A) Representative V-ATPase staining from cervical cancer (a, no staining; b, weak staining; c, moderate staining; d, strong staining, ×400). (B) Expression of V-ATPase in cervical cancer according to histology based on immunohistochemistry (IHC) (n=351). (C) Kaplan-Meier curves showed disease-free survival and overall survival according to V-ATPase expression in 89 patients with bulky cervical cancers (tumor diameter \> 4 cm). (D) Kaplan-Meier curves showed disease-free survival according to cell type in 55 patients with bulky V-ATPase positive tumors.](crt-2016-034f1){#f1-crt-2016-034}

![(A) Expression of vacuolar-type H^+^ ATPase (V-ATPase) in various cervical cancer cell lines. (B) Expression of V-ATPase was decreased by V-ATPase siRNA in HeLa and INT407 cells. (C) The effects of V-ATPase siRNA transfection on cell viability with paclitaxel in HeLa and INT407 cells. GAPDH, glyceraldehyde 3-phosphate dehydrogenase. ^\*^p \< 0.05, ^\*\*^p \< 0.01.](crt-2016-034f2){#f2-crt-2016-034}

![Effects of vacuolar-type H^+^ ATPase (V-ATPase) siRNA transfection on cell apoptosis with paclitaxel in HeLa and INT407 cells. (A) Cell death was observed by light microscopy in HeLa and INT407 cells (×100). (B) Expression of active caspase-3 was measured by enzyme-linked immunosorbent assay in HeLa and INT407 cells. ^\*^p \< 0.05.](crt-2016-034f3){#f3-crt-2016-034}

![Effects of esomeprazole (ESOM) pretreatment on cell survival and apoptosis with paclitaxel in HeLa and INT407 cells. (A) ESOM pretreatment significantly enhanced the cytotoxicity of paclitaxel in HeLa (37%, p \< 0.01) and INT407 (47%, p \< 0.01) cells when compared with paclitaxel treatment alone. (B) Cell death was observed by light microscopy in HeLa and INT407 cells (×100). (C) Expression of active caspase-3 was measured by enzyme-linked immunosorbent assay in HeLa and INT407 cells. ^\*^p \< 0.05, ^\*\*^p \< 0.01.](crt-2016-034f4){#f4-crt-2016-034}

![Changes in intracellular pH. (A) Live-cell imaging of the BCECF intensity in HeLa cells with/without esomeprazole (ESOM) treatment using a LSM700 confocal microscope (×400). (B) The cytosolic pH of HeLa and INT407 cells treated with 30 μg/mL ESOM for 3 hours decreased (both, p \< 0.01). ^\*^p \< 0.05.](crt-2016-034f5){#f5-crt-2016-034}
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